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SUMMARY

A Beries of larndings hue beon mads witi = large bomber-type
airplane equirped with twin veritical taile to determine the tine
history of the impact forces on the landing goar and the resulting
response f the airplene structrre,; narticulerly that of the
horizontal tall, to the lanaing losds. Aboul 50 landings were made,
including normal, brzked, wnd prerointion lsrndings, bvt complete
time historiesz were obtalned for oanly 23 l=ndinga. The quantitien
nm=zasured included the vertical and drag coompeonents of the landing-
goay loads, landing-goar doflestion, stabllizer bending mcments,
structur~l acceleraticns, and sivplane velocity and cttitude. The
teets werec undertalen to inveatlgate the specitic causas of
stebiiizer faillures on eariy médels of the sirplene, end it was
found that the maxirwm stzbilizer losds occurred in normel landings
es a result of resonencs with fore-ani-aft landing-gezr vibratiom.
The data presented are adeptable Lo use in the analytical solution
¢f the prcbleir of structiral response during lending impacts..

TNTRODUCTLCEY

The occurrence of gbtrnchral failured om lerge eilrplanes, which
cannot ba expizincd om the basis of rizid-boiy phencnene, has sarved
o suphasize the imporitance of sbtructural elasticity in nroducing
critical lovding conuitions dwring lsnding Impachts. Typicel of such
Teitlures are tinoss of the horizontel stebilizor of early nodsls of a
lz2rgos bamboer-bype eirplane.

In crder to investigate *the spcocific cause of these fallurass,
tiie Lengley Memorial Aaronauvtical Lesboratory cof the NACA conducted
a series of landing ieste with a2 levge bowber-type ~irplane
2quipped with twin veriical tails. In these tests, simmllsncous
meestremenss were made of tho impact forces on the lending
goar cnd of the resuliting response of the airnlane structure,
particulerly that of the horivontal tail. The test landings
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were made over a fairly wide raznge of vertical and horizontal
velocity and attitude angle and included noxrmel-, braked-, and
prevotabion-landing conditions. The maximum tall response was
found te occur in normal landings as a result of resonance with
fore-and-aft vibration of +the landing gear waen both main wheels
touched simulteneocusly and vibraved In phase.

Although no sttempt was mede during the investigation to
correlate erperimental results with mathematicelly derived values,
the messuremente are suitsble for use in the snalytical solution of
the problem of structural response during landing impacts in the
menner proposed by Biot and Bisplinghoff (reference 1). Such a
solution requires that the time histories of the external forcing
function (that is, the impact loads on ths landing gear) be obtuined
for verious types of airplsme in actual landings covering a sufflciont
number of lending conditions to comstitute an adeguate statlsticel
sample. | Tt " T o

APPARATUS AND METHEOD

Airplaune

The airplane used in the tosts was a large four-motored bomber-
tyre airplane squipped wilith tricycle landing gear and twin vertical
talls mounted on the ocutboard ends of the stabilizer. The character-
istics of the airplane sre given in table I, and the natursl
frequencies of vibration are glven in tzble II. The airpleane was
equinped with a 25g stabilizer, that is, one designed for asn ultimate
atatic load of 25 times the welght of the taill aseembly. A nuwber
of stebilizer fallurss, apnerently csused by loads imposod as a
resunlt of lending impacta, had been reported for earlier models of
the alrplane that were eguipped with 15g stabilizers.

Tests

The tests consilsted of a series of eshout 5Q lendings, =1l mede
on the concrate runwvays of Langley Field, Va., duting which records
were taken of the impect forces on the lsnding gear and of the
resulting structural response. Normal, breked, and prerotation
landings were included in the investigation. The lendings were
intended to cover as wide a r=nge of veloclty, attitude, and severity
as precticable. The landings, however, wers probably nnt sa severe,
at least on the average, as might be encountered undsr trailning or
combat conditions snd most could be classed as averags lsndings by an
experienced pllot. All the landings were made by one NACA tost pilot.
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Conditioms at Contact

About a year and a half prior to the tests, the runways were
coated with a camouflage materiel consisting of sawdust spread on
an =sphalt binder. At the time that the tests were dbegun, ebout
one-third to one-half the surface of the runways was still covered
with the campouflage coaiting in peitches of varying size, shane, and
thiclmess. This costing plus tire streaske, frost {(encowmtered during
some of the lendings)}, =ni other Fforeign meterial contributed to the
vossibility that the coefficlents of friction encountered would be
lower on the costed concrete than on the bare dry concrste.

The vertical wvelociby snd attitudes of the sirplsne at contect
wore determined by msens of two HACL rocording photothsodolites.
Ground specd was determined from the rotetiomal velocity attained
by the mein wieels Just efter the impact recorded by two 35 milil-
moter motion-picture cameras oporsbting at speeds of zboub 60 fremos
Doy second. The values of ground sneod thus obbtained were checked
arainst valuoce computed from readinge of the alrgpeed indlcator
(which had beon calibrated against trus alrspeed) =znd the surface
wind veloclty.

Voasurcment of Lending Gear and Stabilizer Loads

Tho vortical and the drag components of the impact force on the
lending goear wore moasured by wire strain gages atbachod to the
straight pert of tho lending-goaxr strut below tho oleo cylindor.

The strain gages, commected to form a conventionel Wheatstone bridsge,
weie supplied from a 20C0-c7ycle oscrllator. The bridgs oubput was
enpliified =and recorded on & Mlller oscillograph, model E, the elements
of which had a natural frequency of about 60 cycles per second. No
gide component of load was measured during the tests.

The inertie drag load on the main gear wus alsc computed from
the angular acceleration of the maln landing wheels ag8 determined from
motion pictures of the whesls takem by the two 35-millimoter camcras.
In order to facilitate these computations, esn average value of tire
deflection wes assumed to exlst throughout each landing. This
agesunption, of couwrse, introduced en erxor in drag-load computations
amounting to aes mich 8 6 or 7 percent for the meximm vaiunes of the
hardecst landings, which wes of sbout the same order as the error in
the strain-gage readings.
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Accelerations in the alrplene were measursd by standard
HACA air-dsmmped acceleromeoters instelled near the center of grevity
of the alrplane, abt the center of the fuselage near ithwe reer snar of
the stobilizer, and at the outboard end of the resr spar of the left
stabilizer. The natural freguency of all the accelercmeters was
about 20 cycles per second. The locations of these accelerameters
are Indicated in figure 1.

The stabilizer loads were mesasured by mesne of wire strain
ceges located near the top and bottom of the front and rear spars
of the stebilizer, one set being located near the root of the epars
and another near the’ outboard. end. These loads were conpuited as
bending momentd.

Brakes Preloading

For somg lendings a predetermined amount of bra.l’ing force was
applied to the main vheels prior %o contact dy means of a device
that permitted an cdjustable pressure to be put on the hydraulic
brake lines. A release lever wes incorporated into the device to
meke pogsible ingtantenoous release of the brakes at any time and 1t
was the practice of the pllot to relesse them immediastely after the
impact. Two pressure gages were connectod intc the hydraulic brake
lines end geve readings of the brake pressures on both wheele. The
maximum brake-preloading pressure usced dquring the tests was abcut
25 pounds per sguere inch. This velue wes chosen as an upper limlt
because observations of the pressure pgages during the decelerating
rng after the impact was over showed that about 20 pounds per square
inch was the maximum dbraking pressure used in slowing the airplene.

Prexrotation

Special Tittinge with anemometer-cup-type wind venes were
attached to the main wheels in =n effort to produce prerotation;
however, they functloned erratically and were discarded. ZPrero-
tation was then achieved by touching the wheels to the runway to
bring them up to speed, lifting the ailrplane off tha runway by
speeding up the engines, and again making contact while the wheelas
were revolving at high speed. The amount of prerotation obtained
by this method was, of course, not cantrollable.
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PRECISION OF DATA

The measwrentents of the following quantities are estimated to
be correct within the limits shownt

Gross welght of airplene at contact, pounds . . . . . . . . . 100
Ground speed et conbact, miles per hour . . « « « + « « « . o« . I3
Vertical velocity at conbact, foot per secon.d. gt I o
Attitude angle at conbact, degree . . . . e e 4 e s v e « 2 XOUT
Main-landing-gear vertical loads, from

Strain Zage8, POUNAS .« « « + 2 « & « &« o« . o+ o s .« s . E2000
Main-landing-gear drag losds, from :

strain gageB, POUNAS .+ + « + ¢ + . i e 4 s v e s s o . o FU
Nose-geax vertical loads, from strain

ROEEB, POUNAB + + « « v « o » s o s = & « & « o + « « o » FI500
Nose-gear drag loads, from strain gages, pounds . . . . . . +1000
Main-landing-gear drag losads, compu'bed. from

wheel-acceleration 6rt&, pounds . . . . . . e e« . . Ti1000
Tall bending moments from streln gages, percent )
Strut deflection, from camera records, Inch . . . . + « « « . FO.1

Normal component of acceleration from
accelerometer records, g

Center of gravity . . . 0 18 2
Center of horizontal 'bail T ¢ I |
Loft 5211 BIP « = + + « o 4 4 s . s 4 e e o e s e« . . . X3
Time Interval, 90CONA « + « + « s o « o + s « =« « o « « « « F0.01

PEESENTATION AND DISCUSEION OF DATA

The test results =re presented in tables IIT to VI and in
Tigwes 2 to 51. Certalin of these figuree show curves thet represent
the probabillity that given values of the variables selscted for treat-
ment will be equsled or exceeded. Probability meay be interpreted
herein as the ratio of the number of evente that satisfy s given
condltion to the total number of events. The curves In sll cases ere
Pearaon type I1T nprobabllity curves { reference 2).

Tabuletion of Iendings

Teble IIT summarizen the condlitions at contact for the various
lendings. Table IV lists the landings In epproximately decressing
oxrder of meverity in the three general types of landing (normsal,



6 NACA TN No. 1140

braked, and prerotation) amd presents maximm values of accelerations
and. of wotal landing-gear loads. _ -

VYolocity at Conbact——

The ground spesds at the time of contect ere llagted in tables IIT
and IV. The ground spoed covered the renge from 80 to 128 mileg por
hour with an average value of G5 miles per hour. Tue vertical
velocity at the time of impact (table IV) renged from about 1 foot per
second to about 7 feot per second, end in approximately 50 percent of
the landings the vertical velocity was 2 fest per second or loss.

This result 1s in agrecment with results of previous tests on large
airplsnes (refersnce 3).

Figure 2 is a curve of probability of vertical velocity at
contact. This curve 18 baced on the data from the ncrmual snd the
breked landings; the prerovation landings wero on the whols rsther
gentle because of the technique employed in meking them and, hence,
are not consldered reprecontative landings from the stendpolnt of
vertical velocity. An inspection of the curve shows that, on the
average, for this alrplsne sbout 1.3 landings out of 100 may be
eaxpected to squal or exceaed the meximum vertical velocity recorded
during the tests (6.9 fus) and gbout 1 out of 200 would aqual or
oxcecd 8 feet per second.

Landing-Gear Loads

Complote time histories of the impact paremcters were cbtalned
in 23 of the lendings. In some addlitioral landings, time historiea
were obtalned for only cne of the mailn-landing-geer tunits. Time
histories of the landing-gear loads axe presented for convenience
at tho end of the paper. (Data are prosented for the normal landings
in figs. 20 to 356, for the braled land: in fige. 37 to 4k, and for
the prerotation landings in figs. 45 to 51.) The maximum vertical
load measurcd on one landing gear (40,900 1b) was about 41 porcent
of the design ultimate load wheroas ihs maximum drag load measured
(18,500 1b) wes 73 porcent of the design witimeto load.

Figure 3 presents probebility cuxves of maximum valuos of the
vertical load on the two main wheoels for the normal and the braked
londings. The probabllity of oxperiencing a given value of vertical
load was appreclably greator for thoe leoft wheoel than for the right
wheel In both the normal snd the braked landings. The vertical lowuds
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messured during braled lendings tendod Lo be higher than those
measured during normal landings, aliniough 2 scarcity of data on
the praked _a.nd.ings :nade 'the siglif* cance of this p1enomenm
uncertain. -

Figure I presents probebility curves for maximmm drag loads
on the main wheels for normsl znd braked landings. No significant
difference was noted between the probsbilities Lor the two wheels,
nor ‘between: the probabllities for normal and braked landinge.

Table V lists the time intervals between contact of the two
main lendinsg wheols and notes which vheel contacted first. A curve
of probability of time between contact of the two wheels is pre-
sented in figure 5. The probability that the time between contact
will fall within 2 given inbtervel may be determineod by the difference
betweon the probsbilities for the tims velucs involved. Thus, the
probability that a larnding would be made in the interval betwoon 0.1k
and 0.16 sccond after contact is 0.425 minus 0.360, which gives a
value &f 0.065.

The time to »each the maximum velus of the vertical loads on
each main wheel (fig. 6) varied from 0.09 second to 0.33 second
for =211 lendings, the average being sbout 0.17 second. It was not
evident that any relstionship existed betwesen the magnitude of the
maxinmm vertical losd snd the time to reach the neximum vaiues of
the vertical loed.

Figure 7 presente the time for sach maln whesl to reach maximmmm
drag loed plotted against the megnitude of the drag load for normal
landings. The average time from conktact to maximum load was about
Q.17 second. Desplte consildsrable scatter, there was some indication
that the times elapsed from contact to the maxi:mm values of the drag
lozd was less for the larger values of the drag 1 .

Teble VI lists maximum values of main-whoeel drag loads as
camputed from stra’n-gege reading snd from wheel-acceleratiom data.
Figures 8 to 10_corpaie Lims histories of main-landing-gear dreg
loads computed by the two msthods.

A study of the time histories of the landing-gsar loads 4is-
closed no clear-cut relation beiween the order of developmont of the
verticael load and +the order of development of the drag losd. This
result is escribeble in part, at lsast, to randcm variation of the
coefficient of friction during the impect. -
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Effect of Braking o Landing-Gear Loeds

The tendency of braked landings to produnce higher vertical
loads then are produced by normel landings has already been pointed
out. Another effect was to reduce the retlo of moximum drag load
to mayimm . verticel loasd, as compared with the ratios for normal
landings (fig. 11). This effect would be expected since bralking
tonds to delay lhe wheel "apin-up" +time past the point st which the
vertical lord is = maximum, and the coefficient of frictlion is
usually less when the tire is sllding then vhen wheel slippage 1s
smail.

Effect of Prerotation on Landing-Gear Loads

The date from the prerotation landings were not subjected to a .
statistical analyeis since the piloting technique involved was felt
to be such ag to pranibit direct compsrison with tho normal and the
braked landings. Furitlhiormore, the dsgree of prerctaticn wes not the .
sams for all landings. Certain quelitative resulte can, however, be -
discexned. As would be expected, prerotetion had a marksd effect in
reducing the wheel drsg load. The average ratio of maximm drag
load to meximm vertical loed for all prerotation landings was 0.11,
compared with O.41 for normal lendings and 0.36 for braked lendings.
A1l these values are the average of those for the two main wheels.

Structural Reesponse to Impact Loads

Figure 12 shows the tail-ussembly weight distribution over the
semiepan of the stabilizer, camputsd from data Purnished by the
manufucturer, =and the coamputed design yleld and tho design unliimote
bending moments over the semlspan. The measured stabililzer bending
moments were convertod into percentages of design ylold bending
momont and “the maximu-velucs for cach landing are listed in table IV,

The maximum bending moment moasured during the tests (50 porcont
of tho design yleld velue) cccurred during o normal landing, {lending
10) in which the two main wheels contacted simultanoously and vibrated
in phaege in & . Tore-~and-aft diroction irmediatoly following wheol
spin-up (fig. 13). The froguency of the landing-goar oscillations was
ebout the samo as that of the stabllizer in syrmotrical bonding &as may
be scon by comparing tho data-of figure 14 and table IL. Two other
lendings of about oqual soverity (figs. 14 end 15), in which the
landing-gear vibrations were out of phase, did not producoe such high "
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bending moments; moreover, the patbern of the curve of bending
moments of the two landings did not show the resonance ef’ect that
was present in landing 10. O©On the other hand, another laading of
much less severity (landing 8 in fig. 16), in which the landing-gear
vibrations were in phase, showed the same resonant tendencies as
landing 10 and large stabilizer bending moments.

Figure 17 is a pict of probability of occurrence of wvalues
of stabilizer bending moments in normal Jandings. The curve shows
that about one landing in 100 would develop bhe maximum stabilizer
load measured during the tssts (50 percent of the design yield
bending moment). It wighh be pointed out thait 50 percent of the
dasign yleld bending moment for the 25g stabilizer would he aboub
83 percent of the design yield bending moment for the 15g stabilizer,
with which early models of the airplane were eguipued and on which
several stabilizer failures were experienced 1n service.

Further inspection of table IV indicates that high tail-tip
accelerations are not necessarily associated with high stabilizer
loads. Braked landings, in general, secmed to produce somewhat
smallsr tail loads than 4id normal landings. The effect of prero~
tation on tall loads was chscured ty lack of dntaj; aowever, prero-~
tation did reduce landing-gear oscillations %o a marked degree, as
can be seen from the time histories of the landing-geer deflections
for a prerotation ~nd a2 2o0rmal landing in whicn the values of the
impach paramcters were about equal (figs. 18 and 19)}. If, as indi-
cated proviously, the stabilizer loads were in~reased by a coupling
effecct with the fore-and-aft landing-gear wvibretions, prerotation
should reduce tail loads.

Analysis of Separate Effects of Impact Parameters

An atterpt was made to isolabte the effectz of some of the
parameters that constitubte the over-all forcing function. The
results were in the main negative; that is, detenmaining specific
relationships was difficult. For example, no apparent relationship
was noted between the ratio of maximum vertical loads on the left
and right wheels end the time inbterval betwoen coantacts; further-
more, therc seemed to be about as mmch likelihood that the higher
vertical and drag loads would occur on the sccond whecl to contach
a3 on the first. No relationship was apparent between the ratio of
the maxdmum vertical locads on the two main wheels and the roctio of
the maximum drag loads on tne two main wheels. In most of the
landings the left wheel contzcted first. This result is attributed
in part, at least, to an admitted tendency of the pilot to land with
the left wing low for better wisibility.
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SUMMARY OF RESULTS

Measurements of landing-gear forces and horizontal-tail loads
in landing tests of a large bomber-type airplane equipped with twin
vertical taills indicated the following results:

1. The maximum vertical velocdity measured in 50 landings was
about 7 fsct per second, and in about £0 percent of the landings
the vertical veloc1ty was 2 feebt per secomd or less. Ground speeds
at contact varied from 80 to 128 miles per hour, the average being
about 95 miles per hour.

2. A statistical analysis of the vertical-velccity data indi-
cated that about 1.3 landings out of 100 could be expechted to egqual
or exceed the maximum value measured during tnes tests and that
about 1 out of every 200 would equel or excced 8 feeh per second.

3. ,The maximum value of vertical loud on the main landing gear
was about Ll percent of the design ultimate load,whereas the maxi-—
munm value of drag load was about 73 percent of the desizn ultimate
load. '

Y. The ratio of maximum drag load to maximum vertical load
was O.hl for normal landings, ompared with 0.3G for Lraked landings
and 0.l for prerotation landlngs.

5. The probability of equaling or excceding gilven values of
vertical loads on the main landing gear was higher for braked than
for normal landings, although a paucity of date on the braked landings

made the signdficance of tiiis phenomenon uncertain.

6. In most of the landings the left wheel contacted fixst
although this "haractcrlstlu mlght bb attrlbutod largely to plloting
techniques, R

7. ¥No relationship was discernible between the ratio of vertical
loacds on the left and right whrclg and +he tlme 1ntmlval betwecn
contacts,

. There appsarcd to be a higher prcbability for the left wheel
to equal or exceed a given vaue of vertical ldad than the right wheel,

9. No relationship appcared tc exist hebtween the order of
development of maximum vert_ca* load and the order of development of
maximum drag load.
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10. The largest stabilizer load measured was about 50 percent
of the design yield bending 'noment for the 25g stabilizer with which
the airplane was equipped. This value of stabilizer load was
measured in a normal landing in which the main wheels contacted
simultaneocusly and vibrated in phase in a fore-and-aft direction
subsequent to wheel spin-up. Fvidence was that this coupling effect
between the in-phase vibrations of the main landing gear units and
the vitrations of the shtabilizer in symmetrical bending could result
in the davelopment of large stabilizer bending moments.

11l. Brake preloading Sended to reduce tail loads.

12, Prerotation of the main wheels reduccd drag loads and
landing-gear vibration to a great extent although data were insuf-
ficient to predict its effect upon stabilizer loads.

13. A statistiesal analysis of bthe stabilizer-load data indi-
cated that in about one landing out of 100, values of stabilizer
bending load equal to the maximum measured during the tests could
bs expected.

14. Large values of stabilizer tip acceleration were not
necessarily associabed with large values of stabilizer bending
moment.

Langley Memorial Acronautical Laborabory
National Advisory Commitiee for Asronautics
Langley Field, Va., June 27, 1946
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TABIE I

ATRPTANE CEHARACTERISTICS

Gross weight at landing, 1b . . . . . . 43,900 to 50,100
Wing span, £ « .« « ¢« o ¢ ¢ ¢ ¢ ¢ ¢ « o + s o o « « 110
Wing area, 8¢ F5 .+ « ¢ ¢ ¢« & & o o o o « « » . » . 1048
Horizontel tall erea, totel, sq ft . . . . . . . 192.0
Stabllizer area, 8 £t . . « « o« « ¢« « +» « . . « 1k0.5
Welght of taill assembly, 1b . . . « « « . . . . . 869.6
Normel rated HOrSSPOWOY « « « « « « « « « « « o« o . 4400

Center-of-gravity position, as £iown,
percent M\A.C. & + +. & ¢ o ¢ = « o « » « 27.9 to 28.2

Eeight of center of gravity ebove ground,
static position of airplsme, £t . . . . . . . . 8.2

Approximate moment of inertia in pltch,
as flown, slug-ft2 . . . ¢ . « « « = « « « . 150,000

Moment of inertla of main wheel,
Blug-f12 &4 ¢ 4 ¢ ¢ « 4 o 4 o 4 4 e s o « = s s « 33.5

Wheel tread, £ « « « « « « ¢ 4 = o ¢ o . . . . 25.62
Wheel base, ££ . + & &« « & o« 4 « ¢« « & 2 « « « « 16.00
Wing Incldence, deg . « « + « = « o « « o a « o = 3.0

NATTONAT: ATVISORY
COMMITTEE FOR AERONAUTICS

12
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TABIE IT B
NATURAYL. VIBERATTION FEEQUENCIES OF AIRPLARE
EFran vidbration tests conducted by the Alr Meteriel Commend, Army Air Focccosj
Part Type of vibration Freguency Location of vibrator Remarks
(opm)

Wing Symetrical bending 215 Outboard end of ajlerm - Kodal line Jjust outboerd
(approx. of inboard engine;
00 gl gas lsrge fuselage
in each wing vortical motion

Sympetrical inner- 315 Outboard end of aileron [Nodal line runs disgo-

penel torsion nally from Jjust out-
combined with board of outboard
symmetrical engine at lesding edge
bending to wing root at -
trailing edge; outboard
engine pitching
considersably
Inner-panel torsion 520 Between cylinders T Smell respomss outhosrd
R and 9 on engine 2 engines; largexr
response inboard
- engines; amplltude too
small to check phese;
rear of fuselage
moving vertically
515 Floor of fuselags just
forward of tail
turret .
Higher-order bending 590 Outboard end of afler Phase symmetrical by
pickups
g90 outboard end of ajileron |Phase unsymetrical by
pickups
1360 Outboard end of ailercn |Phase symmstrical by
plckups
Fuselage Side bending 3k0 Inspection door on Very amall amplitude
bottom of fuselage,
2 feet forward of
tail Mght; lateral
impulaes
520 Thrustwise impulses at |Large amplitude mode;
bottom rudder hinge node at waist gun
cut-out :

Yertical bending gBo Floor. of fuselage just [Amplitude too emall to
forward of tail . detarmine node line
turret

Stabilizer - Symetrical bending Loo Yertical impulses at Stabilizer nodes h%—feob

combined with wing seoond rudder hinge

symstrical from bottan gmf.;?:’;: line
bending; pitching Wing tip and stabilizer
of ailrplane also tip in phase
exclited . -

Torsion 640 Thrustwise impulses Phase symmetrical by

at bottom rudder —
hinge

pickups; ncdal line
near rear epar

HATIORAIL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABIE IIT

CONDITTONS AT CONTACT

14

ing Type Groas welight | Attitude | Vertical ; Ground speed Wind Alrplane Wind Bralke
of of sirplane angle velocity (mph ) direction] courss velooity 'f:-eloading
(a) landing |at contact (de?) (rps) (2eg) (aph) 1b/eq in.)
(in) 4]
1 Normal 50,000 5.1 1.8 111, -2 270 5 -—
2 Normal 49,700 1.0 1.9 16 . ESE 270 5 -
3  |Bormal 49,300 .6 1.7 126 ESR 270 5 --
3 Normal 5,900 5.1 1.3 96 NRW 3%0 10 -
5 Hormal 49,600 [ § 1.7 113 .. f 350 10 -
[ Normal ,200 5.3 1.8 97 0 350 10 -
7 Normal 49,000 5.7 1.8 8 - o 350 10 -
8 Normal 59,900 1.2 2.5 106 B 70 T --
g Normal k9,700 6.1 T g3 B TO T --
10 Noxmal 59,300 -9 6.5 102 ® T0 T -
11 Braksd 18,500 3.7 k.1 o8 E 10 T ]
12 Normal 19,900 1.7 2.2 102 MRW 3%0 1 -
13 Normal ,TOO g k.0 107 o 350 12 -
h13 Bralked 59,300 . 3.6 87 W 350 13 5
15 Braked. 48,900 2.k 3.0 89 p.i.i4 350 1k 10
16 Normel 49,700 5.2 . 2.9 103 350 % -
17 Rormal 49,%00 %] — 96 350 b -
18 Braksd 49,200 3.2 2.2 105 b3 3%0 y 10
19 Normal 50,100 3.9 k.2 118 .1 250 19 --
20 Hormel shoo - 2.k 8k .4 350 20 -~
21 |Braked k9,200 - 2.8 90 X 350 21 15
22 Braked, 18,900 5.1 é.z 84 .1 350 22 22
23 Normal ig,mo 3.6 -3 100 o 350 12 -
2k Normal 4900 3.9 .9 ol oW 350 12 -
25 Braked %9,600 1.9 k.2 96 AR 3%0 12 20
26 Brakesd 59,200 2.7 - o4 HHW aso 12 23
27y |Normal 50,100 - 1.6 82 HHW 0 30 --
27 |Prerotation 50,100 -— 1.8 80 KRY 350 30 -
28, |Wormal %9,700 . 1.5 90 AW 350 30 --
28, |Prerotation 49,700 -— 1.0 82 ARV 350 30 -
297 |Normal k9,500 -- 1.k 87 HAW 350 30 -
29p [Prerotation| 59,500 -— -9 83 BHW 350 k4 --
307 {Normal k9,200 -—— 2.6 82 HNW 350 30 -
0p |Prerotation 49,200 — 2.3 8o HAW 350 30 --
31 Broked 49,000 — 1.0 81 W 350 30 24
327 |Formel ,800 - 2.5 100 ssW 175 8 -
32p |Prerotation 49,800 x8 3.0 o7 8SW 175 8 -—
33; |Normal k9,800 3.6 1.9 98 - 88W 175 8 -
33, |Prerotaticn k9,600 3.7 1.2 96 ssW 175 8 -
3% Breied 49,300 8 k.9 96 8SW 175 8 19
35 Braked 3200 5.5 1.8 i3 BSW 175 8 ok
26y |Normal ,800 —— 1.3 cam ——— —_— - -
36, |Prerotation| 49,800 _— - 2.2 -— — -— - -
37y [Mommal 49,500 -— -— — -— —— - -
37p |Prerotation 49,500 - ——— ——— — -— - -
368, |Normel 50,000 1.1 1.% 8 - 250 T -
36a; [Prerotation| 50,000 2.k 1.0 ok = 250 T -
3781 |Normal k9,800 8 16 %8 - 250 T --
3Ta, Prerotation 19,800 k.9 1.3 90 =1 250 T --
38; |Normal 49,500 .5 3.3 100 s 250 T -
38, |Prerotation 19,500 2.5 2.9 3 -4 250 T -
39; [Wormal 49,300 - 2.6 102 W 250 T --
39, |Prerotetion 49,300 3.8 2.1 100 =4 250 T -
40  |Nommal 50,100 3.0 1.k ar e 170 20 -
:51 Normal 49,500 L.y 1.3 8g SSW 170 20 -
3 Normal k9,600 -1 6.9 128 ssW 170 20 -
%3 Kormel +h00 .2 1.1 12 8w 170 20 -
Braked k9,100 1.0 5.8 91 SSW 70 20 23

& Subscripts 1 and 2 indjcate first and second contecta, respectivelry;

effix a on landings 36 and 37 indicates re-mm.

® Angle between lomgitudinel axis of a2irplene and the horizontal, positive
in nose-up direction.

NATIOHAL ADVISCR
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TABLE IV

NACA TN No.

LANDINGS OLASSIFIED ACCORTING TO TYEE AND SEVERITY GF IMPACT

1140

Inorement of meximemm Maxtmoa total Haxinam Meucineon Maxiomo
accsleration Yertical { Ground main-gear total main- |nose-wheel stabilizer
Langing (g} volocity |apesd |vertical load | gesr drag | vertical, | design yield
At JAt center] AT left (rps) wpoh ) (1b) loed load momsn b

o.g. | of tedl | tail tip {1b) (1») (percent}

(a) (v)
Normal B

10 1.55] 3.55 7.20 6.5 102 70,100 25,400 50.3
L2 1.% 3.10 6.20 6.9 126 58,500 21,500 36.9
19 A. 3.90 6.00 .2 118 61,800 20,700 37.3
39y 1.00] 1.%5 5.60 2.6 102 k3,600 ] ——-mam- 29.0
16 '6(8 1.60 2.30 e.g 103 50,200 32,000 23.5
20 . 1.45 =.Bo 2. 8¢ 36,000 15,100 214
13 B0l 1.0 3.10 k.o 107 31,700 7,600 37.%
8 B0 1.70 6.1p 2.5 106 34,200 12,%00 37.8
12 ==-1 1.0 140 2.2 102 29,400 14,200 ek.k
38r .E5] 2.20 2.70 3.3 200 27,100 1k,800 8.5
2 E5) 1.5 2.0 1.9 1s 33,300 13,%00 7.6
30y e ———— 2.6 82 40,000 | eem--a ——
6 --==] 1.00 2.90 1.8 g’B{ 34,100 10,100 2h.5
T —we=! 1.10 1.60 1.8 33,000 11,700 23.9
E -~==1 1.13 2.%0 1.7 113 33,300 13,400 30.6

----] 1.0 2.90 1.3 96 31,600 :Le,agg %0.1
323 [ 1.10 2.70 2.9 100 32,200 8, 17.0
43 60} 1.20 2.70 1.1 112 29,000 15,400 ——
33, 60 1.18 3.3 . 1.9 98 28,100 9.700 c——
23 S5 1.es 2.00 2.3 100 £5,100 9,700 pL-)
27y -} 17D 3.70 1.6 82 :600 s:ooo .
28; —mem] 1.08 1.70 1.5 ] 25,500 10,100 h.k
€9y .38 80 2.30 1.k a7 23,600 ] meeee- ——
360y 60 1.20 1.90 1.k 98 17,800 | ceemea m~—
ko .30 .90 1.30 1.h ar 26,000 10,200 2.5
ey 33l % 1.5 13 8g 16,000 51500 2
9 .30 55 —— T 9L 21,900 5,600 21.3
17 .30 30 1.00 ~——— 95 [ S, ——
37, .30 5 1.15 - - L e -——— -
24 .10 .60 1.25 K- ol 9,500 7,600 6.6
378y .20 50 80 1.6 98 211,200 | e-eemee —

Braled
kb 1.10}| 2.60 5.00 E.B 91 67,700 15,300 —_—
3% 1.20] 2.25 3.50 .9 96 »200 i.g,aoo 4.7
ik 8ol 1.38 4.80 3.6 87 4800 2500 25.5
21 5] 1.35 2.70 2.8 . 90 53,000 10,500 1.7
1 .90f .20 3.00 k.1 58 »100 12,500 27.8
25 &51 170 2.8¢0 L.2 96 42,100 15,100 23.0
15 50| 1.30. 2.90 3.0 89 35,100 ,000 —
18. . .35 50 2.10 2.2 10% 38,700 100 27 .k
35 .30 5 1.50 1.8 9l 35,000 10,600 11.1
31 .0 80 1.50 1.0 81 21,000 7,000 1.8
26 .35 TO 1.30 E] ok 23,700 10,200 17.0
22 1% .20 1.60 1.2 ay 21,900 5,300 6.9
Prerotation
3, lo.bol 095 2.55 2.3 8o 40,700 2,ko0 ——— -——
2T, .8o] 1.35 3.10 1.8 8o 39,400 3,000 ————— ————
32, 65} 125 3.10 3.0 97 29,800 4,000 | ----em 17.8
38, 8ol 1.20 .50 2.9 oh 24,700 1,600 ——— T
39, 55 .50 1.20 2.1 100 28,600 800 —— 6.5
36, Lo| a5 1.85. .2 —— 29,200 1,700 | =meeem ———
33, ko .60 1.50 1.2 96 22,000 1,600 ————— ~——
36, | .W0| .80 .80 1.0 ol 17,600 4,300 S —
28, .30) .35 1.00 . 1.0 82 19,200 1,000 —— 8.1
3Tay | 351 A5 Ao 1.3 90 17,800 1,300 | =e---- —_—
37, .33 10 1.50 3.1 --- 20,00 | |, ---=- - ——--
29, .25 35 1.T0 9 83 15,200 2,100 ————— ——
& gybroripts L end £ indicats Zirst and second contacts, respeotively;
» affix & on landings 6 and 37 indicates re-rum.
Koge-wheel loads listed cnly when nose whesl contacted during priwary HATTONAL ADVISORY
part of impect. . COMMITTRE FOR AEROWAUTICS



NACA TN No.
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TABIE V

TIME INTERVALS BEETWEEN CONTACT OF IEFT AND

RIGET MATN LANDING WHEELS

16.

Landing| First wheel [Time between || Landing | First wheel | Time between
to contact ccntacts to contact contacts
(a) (sec) (=) (sec)
1 Right 0.09 28, Right 0.0k
2 Left .12 28, Left .15
3 Left .16 29, Right .21
L Left .02 29, Left .12
5 Left A2 - 309 ——— ———
6 Rigat .15 30, Left L1
T Left .10 31 Right .1k
8 Left and right 0 32, Left .12
9 -~ ———— 325 Left 07
bio Left and right 0 33, Teft .20
.33 Teft .15
1z Left .ol 34 Right .12
12 Right .08 35 Left .10
13 Left A7 36a, Left .3k
1k Left .07 36ay Left 17
15 Left .24 3Teq Left .33
16 Left .10 374, Teft .19
X7 Left .33 389 Right .02
18 Left .09 38p Lett .26
19 Right .03 391 —— ———
20 Left Ol 392 Left .29
23 Right .1k 40 Right AT
22 . Left 22 43 ———— ———
213; Right Ak Sho Left .10
2 ———— ————
25 Right .07 43 Right .01
26 Ieft k6 kh Right .10
274 ——— -——-
27 ILeft 05

& Subscripts 1 and 2 indicate first and mecond contacts, respectively;
affix a on landings 36 end 37 indicates re-run.

P Nose wheel contacted 0.09 second before left and right wheels.
© Nose wheel contacted 0.l3 second before left wheel.

KNATIONAT, ADVISORY

COMMITIEE FOR. AERONAUTICS



TAKTE VI
MAYTHOM VALUES (F WHEEL [RAG LOATS FBOM STRATN-
GAGE REATINCS AND WHERL-ARGULAR~ACCETERATION DATA

Meor{mm wi(wel drag loed Haximm 'h(_;;}. drag loald
1
_Toft vhesl Bleht wheal Iaft whoel Bight vheal . ]
Iedirg B - F& - Strain- Wheal- Laniing Stradn- Wheel - Strain- ¥heel-
Eage acceleration gage accolaration gage agooloration gago acoceleration
{a) realing data reading dnta fa} reading dats reading data
S M0 | - 6,500 29y et by, 290 11,000
2 6,500 8,500 7,70 6, 29 2,100 5,900 600 900
Pl ew | Um | CT T R I B I
5 9,820 9,008 | -ee- 3, X, 00 e 2, -~
6 6,705 8000 ]} e 11,300 3 4,770 3,110 5,10 5,000
T 6, 20 | e 5,870 32y bg,230 -—-— 6,910 7,610
8 7:130 7,100 7,020 7,100 32, 1,700 1,850 4,800 3,950
9 c—— 3,300 5,800 5,500 33 5,700 ——— 8,h00 9,500
10 12,700 12,500 12,500 12,700 1 2 b s
1 o 9,800 9,850 10,700 33 acd Bl 1,400 1,320
12 7,720 6,850 8,300 6,500 k) 5,770 e 13,680 15,200
13 7,310 8,900 6,810 13,350 £ ] 6,905 6,160 6,98 7,020
1% 11,200 10,500 e ’ 36 St Et R I ===
15 7:150 slmo BEW 6:5’) 362 oo mEe— ll&” """
16 120 9;% 5,410 E,ﬁ R T E— S .
S Y | - ’ 3T e - L, | e
18 5,750 k,700 ey 8,600 2 D owgis | 8m00 | oeen
19 21,750 11,600 10,300 12,100 ¥y '“i,ll‘i E,ﬁoo - 5,£
2 6,20 6,920 8,0 10,350 3o, 1300 4200 2 2
2 2,970 ----- 10,600 10,000 378y, k%00 3,500 5,810 k,700
22 L, 600 1,600 bk, 300 4,510 3Tap 100 100 1,300 1,250
23 1,110 1,080 35,850 8,200 38 6,490 6,800 8,850 9,100
ok 5,670 7,200 7,520 4,5% 8, 1,100 1,080 1, 1,350
25 709 8,200 10,870 91200 EC O [ — P (-
-3 5,330, 2,700, 83,170 5300 200 _ 800’ 530
21y 6,0 | - b0 | - 3 P
275 2,400 1,300 1,000 m——— :‘i 6’9—'19 g’&n 1’;"220 g'ggg
By b5, 800 6,600 bg,765 6,500 k2 9:% ml& 1, 14,200
28, 500 | e 0 | e k3 1,300 8 8,800
i 10,000 13,100 14,150 15,000
1]
2 Subsoripts 1 amd 2 indicate first end mecond contacts, respeotively;
affix a m landings 36 mi 37 indicates re-rm. AATTGHAL AIWISORY
b Dnogrreoted far sffeot of vertical losd. COMITIEE FOR ARRCHATITTCS
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NACA TN No. 1140 . Fig. 3
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Fig. 4 NACA TN No. 1140
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Fig. 6 NACA TN No. 1140
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NACA TN No. 1140 _ Fig. 7
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Fig. 8 NACA TN No. 1140
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Fig. 10 NACA TN No. 1140
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Fig. 14 NACA TN No. 1140
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FATIONAL ADVISORY COMMITIGRE FOR ATROWAUTCTCS
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SUMMARY

A Beries of larndings hue beon mads witi = large bomber-type
airplane equirped with twin veritical taile to determine the tine
history of the impact forces on the landing goar and the resulting
response f the airplene structrre,; narticulerly that of the
horizontal tall, to the lanaing losds. Aboul 50 landings were made,
including normal, brzked, wnd prerointion lsrndings, bvt complete
time historiesz were obtalned for oanly 23 l=ndinga. The quantitien
nm=zasured included the vertical and drag coompeonents of the landing-
goay loads, landing-goar doflestion, stabllizer bending mcments,
structur~l acceleraticns, and sivplane velocity and cttitude. The
teets werec undertalen to inveatlgate the specitic causas of
stebiiizer faillures on eariy médels of the sirplene, end it was
found that the maxirwm stzbilizer losds occurred in normel landings
es a result of resonencs with fore-ani-aft landing-gezr vibratiom.
The data presented are adeptable Lo use in the analytical solution
¢f the prcbleir of structiral response during lending impacts..

TNTRODUCTLCEY

The occurrence of gbtrnchral failured om lerge eilrplanes, which
cannot ba expizincd om the basis of rizid-boiy phencnene, has sarved
o suphasize the imporitance of sbtructural elasticity in nroducing
critical lovding conuitions dwring lsnding Impachts. Typicel of such
Teitlures are tinoss of the horizontel stebilizor of early nodsls of a
lz2rgos bamboer-bype eirplane.

In crder to investigate *the spcocific cause of these fallurass,
tiie Lengley Memorial Aaronauvtical Lesboratory cof the NACA conducted
a series of landing ieste with a2 levge bowber-type ~irplane
2quipped with twin veriical tails. In these tests, simmllsncous
meestremenss were made of tho impact forces on the lending
goar cnd of the resuliting response of the airnlane structure,
particulerly that of the horivontal tail. The test landings
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were made over a fairly wide raznge of vertical and horizontal
velocity and attitude angle and included noxrmel-, braked-, and
prevotabion-landing conditions. The maximum tall response was
found te occur in normal landings as a result of resonance with
fore-and-aft vibration of +the landing gear waen both main wheels
touched simulteneocusly and vibraved In phase.

Although no sttempt was mede during the investigation to
correlate erperimental results with mathematicelly derived values,
the messuremente are suitsble for use in the snalytical solution of
the problem of structural response during landing impacts in the
menner proposed by Biot and Bisplinghoff (reference 1). Such a
solution requires that the time histories of the external forcing
function (that is, the impact loads on ths landing gear) be obtuined
for verious types of airplsme in actual landings covering a sufflciont
number of lending conditions to comstitute an adeguate statlsticel
sample. | Tt " T o

APPARATUS AND METHEOD

Airplaune

The airplane used in the tosts was a large four-motored bomber-
tyre airplane squipped wilith tricycle landing gear and twin vertical
talls mounted on the ocutboard ends of the stabilizer. The character-
istics of the airplane sre given in table I, and the natursl
frequencies of vibration are glven in tzble II. The airpleane was
equinped with a 25g stabilizer, that is, one designed for asn ultimate
atatic load of 25 times the welght of the taill aseembly. A nuwber
of stebilizer fallurss, apnerently csused by loads imposod as a
resunlt of lending impacta, had been reported for earlier models of
the alrplane that were eguipped with 15g stabilizers.

Tests

The tests consilsted of a series of eshout 5Q lendings, =1l mede
on the concrate runwvays of Langley Field, Va., duting which records
were taken of the impect forces on the lsnding gear and of the
resulting structural response. Normal, breked, and prerotation
landings were included in the investigation. The lendings were
intended to cover as wide a r=nge of veloclty, attitude, and severity
as precticable. The landings, however, wers probably nnt sa severe,
at least on the average, as might be encountered undsr trailning or
combat conditions snd most could be classed as averags lsndings by an
experienced pllot. All the landings were made by one NACA tost pilot.
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Conditioms at Contact

About a year and a half prior to the tests, the runways were
coated with a camouflage materiel consisting of sawdust spread on
an =sphalt binder. At the time that the tests were dbegun, ebout
one-third to one-half the surface of the runways was still covered
with the campouflage coaiting in peitches of varying size, shane, and
thiclmess. This costing plus tire streaske, frost {(encowmtered during
some of the lendings)}, =ni other Fforeign meterial contributed to the
vossibility that the coefficlents of friction encountered would be
lower on the costed concrete than on the bare dry concrste.

The vertical wvelociby snd attitudes of the sirplsne at contect
wore determined by msens of two HACL rocording photothsodolites.
Ground specd was determined from the rotetiomal velocity attained
by the mein wieels Just efter the impact recorded by two 35 milil-
moter motion-picture cameras oporsbting at speeds of zboub 60 fremos
Doy second. The values of ground sneod thus obbtained were checked
arainst valuoce computed from readinge of the alrgpeed indlcator
(which had beon calibrated against trus alrspeed) =znd the surface
wind veloclty.

Voasurcment of Lending Gear and Stabilizer Loads

Tho vortical and the drag components of the impact force on the
lending goear wore moasured by wire strain gages atbachod to the
straight pert of tho lending-goaxr strut below tho oleo cylindor.

The strain gages, commected to form a conventionel Wheatstone bridsge,
weie supplied from a 20C0-c7ycle oscrllator. The bridgs oubput was
enpliified =and recorded on & Mlller oscillograph, model E, the elements
of which had a natural frequency of about 60 cycles per second. No
gide component of load was measured during the tests.

The inertie drag load on the main gear wus alsc computed from
the angular acceleration of the maln landing wheels ag8 determined from
motion pictures of the whesls takem by the two 35-millimoter camcras.
In order to facilitate these computations, esn average value of tire
deflection wes assumed to exlst throughout each landing. This
agesunption, of couwrse, introduced en erxor in drag-load computations
amounting to aes mich 8 6 or 7 percent for the meximm vaiunes of the
hardecst landings, which wes of sbout the same order as the error in
the strain-gage readings.
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Accelerations in the alrplene were measursd by standard
HACA air-dsmmped acceleromeoters instelled near the center of grevity
of the alrplane, abt the center of the fuselage near ithwe reer snar of
the stobilizer, and at the outboard end of the resr spar of the left
stabilizer. The natural freguency of all the accelercmeters was
about 20 cycles per second. The locations of these accelerameters
are Indicated in figure 1.

The stabilizer loads were mesasured by mesne of wire strain
ceges located near the top and bottom of the front and rear spars
of the stebilizer, one set being located near the root of the epars
and another near the’ outboard. end. These loads were conpuited as
bending momentd.

Brakes Preloading

For somg lendings a predetermined amount of bra.l’ing force was
applied to the main vheels prior %o contact dy means of a device
that permitted an cdjustable pressure to be put on the hydraulic
brake lines. A release lever wes incorporated into the device to
meke pogsible ingtantenoous release of the brakes at any time and 1t
was the practice of the pllot to relesse them immediastely after the
impact. Two pressure gages were connectod intc the hydraulic brake
lines end geve readings of the brake pressures on both wheele. The
maximum brake-preloading pressure usced dquring the tests was abcut
25 pounds per sguere inch. This velue wes chosen as an upper limlt
because observations of the pressure pgages during the decelerating
rng after the impact was over showed that about 20 pounds per square
inch was the maximum dbraking pressure used in slowing the airplene.

Prexrotation

Special Tittinge with anemometer-cup-type wind venes were
attached to the main wheels in =n effort to produce prerotation;
however, they functloned erratically and were discarded. ZPrero-
tation was then achieved by touching the wheels to the runway to
bring them up to speed, lifting the ailrplane off tha runway by
speeding up the engines, and again making contact while the wheelas
were revolving at high speed. The amount of prerotation obtained
by this method was, of course, not cantrollable.
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PRECISION OF DATA

The measwrentents of the following quantities are estimated to
be correct within the limits shownt

Gross welght of airplene at contact, pounds . . . . . . . . . 100
Ground speed et conbact, miles per hour . . « « « + « « « . o« . I3
Vertical velocity at conbact, foot per secon.d. gt I o
Attitude angle at conbact, degree . . . . e e 4 e s v e « 2 XOUT
Main-landing-gear vertical loads, from

Strain Zage8, POUNAS .« « « + 2 « & « &« o« . o+ o s .« s . E2000
Main-landing-gear drag losds, from :

strain gageB, POUNAS .+ + « + ¢ + . i e 4 s v e s s o . o FU
Nose-geax vertical loads, from strain

ROEEB, POUNAB + + « « v « o » s o s = & « & « o + « « o » FI500
Nose-gear drag loads, from strain gages, pounds . . . . . . +1000
Main-landing-gear drag losads, compu'bed. from

wheel-acceleration 6rt&, pounds . . . . . . e e« . . Ti1000
Tall bending moments from streln gages, percent )
Strut deflection, from camera records, Inch . . . . + « « « . FO.1

Normal component of acceleration from
accelerometer records, g

Center of gravity . . . 0 18 2
Center of horizontal 'bail T ¢ I |
Loft 5211 BIP « = + + « o 4 4 s . s 4 e e o e s e« . . . X3
Time Interval, 90CONA « + « + « s o « o + s « =« « o « « « « F0.01

PEESENTATION AND DISCUSEION OF DATA

The test results =re presented in tables IIT to VI and in
Tigwes 2 to 51. Certalin of these figuree show curves thet represent
the probabillity that given values of the variables selscted for treat-
ment will be equsled or exceeded. Probability meay be interpreted
herein as the ratio of the number of evente that satisfy s given
condltion to the total number of events. The curves In sll cases ere
Pearaon type I1T nprobabllity curves { reference 2).

Tabuletion of Iendings

Teble IIT summarizen the condlitions at contact for the various
lendings. Table IV lists the landings In epproximately decressing
oxrder of meverity in the three general types of landing (normsal,
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braked, and prerotation) amd presents maximm values of accelerations
and. of wotal landing-gear loads. _ -

VYolocity at Conbact——

The ground spesds at the time of contect ere llagted in tables IIT
and IV. The ground spoed covered the renge from 80 to 128 mileg por
hour with an average value of G5 miles per hour. Tue vertical
velocity at the time of impact (table IV) renged from about 1 foot per
second to about 7 feot per second, end in approximately 50 percent of
the landings the vertical velocity was 2 fest per second or loss.

This result 1s in agrecment with results of previous tests on large
airplsnes (refersnce 3).

Figure 2 is a curve of probability of vertical velocity at
contact. This curve 18 baced on the data from the ncrmual snd the
breked landings; the prerovation landings wero on the whols rsther
gentle because of the technique employed in meking them and, hence,
are not consldered reprecontative landings from the stendpolnt of
vertical velocity. An inspection of the curve shows that, on the
average, for this alrplsne sbout 1.3 landings out of 100 may be
eaxpected to squal or exceaed the meximum vertical velocity recorded
during the tests (6.9 fus) and gbout 1 out of 200 would aqual or
oxcecd 8 feet per second.

Landing-Gear Loads

Complote time histories of the impact paremcters were cbtalned
in 23 of the lendings. In some addlitioral landings, time historiea
were obtalned for only cne of the mailn-landing-geer tunits. Time
histories of the landing-gear loads axe presented for convenience
at tho end of the paper. (Data are prosented for the normal landings
in figs. 20 to 356, for the braled land: in fige. 37 to 4k, and for
the prerotation landings in figs. 45 to 51.) The maximum vertical
load measurcd on one landing gear (40,900 1b) was about 41 porcent
of the design ultimate load wheroas ihs maximum drag load measured
(18,500 1b) wes 73 porcent of the design witimeto load.

Figure 3 presents probebility cuxves of maximum valuos of the
vertical load on the two main wheoels for the normal and the braked
londings. The probabllity of oxperiencing a given value of vertical
load was appreclably greator for thoe leoft wheoel than for the right
wheel In both the normal snd the braked landings. The vertical lowuds
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messured during braled lendings tendod Lo be higher than those
measured during normal landings, aliniough 2 scarcity of data on
the praked _a.nd.ings :nade 'the siglif* cance of this p1enomenm
uncertain. -

Figure I presents probebility curves for maximmm drag loads
on the main wheels for normsl znd braked landings. No significant
difference was noted between the probsbilities Lor the two wheels,
nor ‘between: the probabllities for normal and braked landinge.

Table V lists the time intervals between contact of the two
main lendinsg wheols and notes which vheel contacted first. A curve
of probability of time between contact of the two wheels is pre-
sented in figure 5. The probability that the time between contact
will fall within 2 given inbtervel may be determineod by the difference
betweon the probsbilities for the tims velucs involved. Thus, the
probability that a larnding would be made in the interval betwoon 0.1k
and 0.16 sccond after contact is 0.425 minus 0.360, which gives a
value &f 0.065.

The time to »each the maximum velus of the vertical loads on
each main wheel (fig. 6) varied from 0.09 second to 0.33 second
for =211 lendings, the average being sbout 0.17 second. It was not
evident that any relstionship existed betwesen the magnitude of the
maxinmm vertical losd snd the time to reach the neximum vaiues of
the vertical loed.

Figure 7 presente the time for sach maln whesl to reach maximmmm
drag loed plotted against the megnitude of the drag load for normal
landings. The average time from conktact to maximum load was about
Q.17 second. Desplte consildsrable scatter, there was some indication
that the times elapsed from contact to the maxi:mm values of the drag
lozd was less for the larger values of the drag 1 .

Teble VI lists maximum values of main-whoeel drag loads as
camputed from stra’n-gege reading snd from wheel-acceleratiom data.
Figures 8 to 10_corpaie Lims histories of main-landing-gear dreg
loads computed by the two msthods.

A study of the time histories of the landing-gsar loads 4is-
closed no clear-cut relation beiween the order of developmont of the
verticael load and +the order of development of the drag losd. This
result is escribeble in part, at lsast, to randcm variation of the
coefficient of friction during the impect. -
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Effect of Braking o Landing-Gear Loeds

The tendency of braked landings to produnce higher vertical
loads then are produced by normel landings has already been pointed
out. Another effect was to reduce the retlo of moximum drag load
to mayimm . verticel loasd, as compared with the ratios for normal
landings (fig. 11). This effect would be expected since bralking
tonds to delay lhe wheel "apin-up" +time past the point st which the
vertical lord is = maximum, and the coefficient of frictlion is
usually less when the tire is sllding then vhen wheel slippage 1s
smail.

Effect of Prerotation on Landing-Gear Loads

The date from the prerotation landings were not subjected to a .
statistical analyeis since the piloting technique involved was felt
to be such ag to pranibit direct compsrison with tho normal and the
braked landings. Furitlhiormore, the dsgree of prerctaticn wes not the .
sams for all landings. Certain quelitative resulte can, however, be -
discexned. As would be expected, prerotetion had a marksd effect in
reducing the wheel drsg load. The average ratio of maximm drag
load to meximm vertical loed for all prerotation landings was 0.11,
compared with O.41 for normal lendings and 0.36 for braked lendings.
A1l these values are the average of those for the two main wheels.

Structural Reesponse to Impact Loads

Figure 12 shows the tail-ussembly weight distribution over the
semiepan of the stabilizer, camputsd from data Purnished by the
manufucturer, =and the coamputed design yleld and tho design unliimote
bending moments over the semlspan. The measured stabililzer bending
moments were convertod into percentages of design ylold bending
momont and “the maximu-velucs for cach landing are listed in table IV,

The maximum bending moment moasured during the tests (50 porcont
of tho design yleld velue) cccurred during o normal landing, {lending
10) in which the two main wheels contacted simultanoously and vibrated
in phaege in & . Tore-~and-aft diroction irmediatoly following wheol
spin-up (fig. 13). The froguency of the landing-goar oscillations was
ebout the samo as that of the stabllizer in syrmotrical bonding &as may
be scon by comparing tho data-of figure 14 and table IL. Two other
lendings of about oqual soverity (figs. 14 end 15), in which the
landing-gear vibrations were out of phase, did not producoe such high "
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bending moments; moreover, the patbern of the curve of bending
moments of the two landings did not show the resonance ef’ect that
was present in landing 10. O©On the other hand, another laading of
much less severity (landing 8 in fig. 16), in which the landing-gear
vibrations were in phase, showed the same resonant tendencies as
landing 10 and large stabilizer bending moments.

Figure 17 is a pict of probability of occurrence of wvalues
of stabilizer bending moments in normal Jandings. The curve shows
that about one landing in 100 would develop bhe maximum stabilizer
load measured during the tssts (50 percent of the design yield
bending moment). It wighh be pointed out thait 50 percent of the
dasign yleld bending moment for the 25g stabilizer would he aboub
83 percent of the design yield bending moment for the 15g stabilizer,
with which early models of the airplane were eguipued and on which
several stabilizer failures were experienced 1n service.

Further inspection of table IV indicates that high tail-tip
accelerations are not necessarily associated with high stabilizer
loads. Braked landings, in general, secmed to produce somewhat
smallsr tail loads than 4id normal landings. The effect of prero~
tation on tall loads was chscured ty lack of dntaj; aowever, prero-~
tation did reduce landing-gear oscillations %o a marked degree, as
can be seen from the time histories of the landing-geer deflections
for a prerotation ~nd a2 2o0rmal landing in whicn the values of the
impach paramcters were about equal (figs. 18 and 19)}. If, as indi-
cated proviously, the stabilizer loads were in~reased by a coupling
effecct with the fore-and-aft landing-gear wvibretions, prerotation
should reduce tail loads.

Analysis of Separate Effects of Impact Parameters

An atterpt was made to isolabte the effectz of some of the
parameters that constitubte the over-all forcing function. The
results were in the main negative; that is, detenmaining specific
relationships was difficult. For example, no apparent relationship
was noted between the ratio of maximum vertical loads on the left
and right wheels end the time inbterval betwoen coantacts; further-
more, therc seemed to be about as mmch likelihood that the higher
vertical and drag loads would occur on the sccond whecl to contach
a3 on the first. No relationship was apparent between the ratio of
the maxdmum vertical locads on the two main wheels and the roctio of
the maximum drag loads on tne two main wheels. In most of the
landings the left wheel contzcted first. This result is attributed
in part, at least, to an admitted tendency of the pilot to land with
the left wing low for better wisibility.
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SUMMARY OF RESULTS

Measurements of landing-gear forces and horizontal-tail loads
in landing tests of a large bomber-type airplane equipped with twin
vertical taills indicated the following results:

1. The maximum vertical velocdity measured in 50 landings was
about 7 fsct per second, and in about £0 percent of the landings
the vertical veloc1ty was 2 feebt per secomd or less. Ground speeds
at contact varied from 80 to 128 miles per hour, the average being
about 95 miles per hour.

2. A statistical analysis of the vertical-velccity data indi-
cated that about 1.3 landings out of 100 could be expechted to egqual
or exceed the maximum value measured during tnes tests and that
about 1 out of every 200 would equel or excced 8 feeh per second.

3. ,The maximum value of vertical loud on the main landing gear
was about Ll percent of the design ultimate load,whereas the maxi-—
munm value of drag load was about 73 percent of the desizn ultimate
load. '

Y. The ratio of maximum drag load to maximum vertical load
was O.hl for normal landings, ompared with 0.3G for Lraked landings
and 0.l for prerotation landlngs.

5. The probability of equaling or excceding gilven values of
vertical loads on the main landing gear was higher for braked than
for normal landings, although a paucity of date on the braked landings

made the signdficance of tiiis phenomenon uncertain.

6. In most of the landings the left wheel contacted fixst
although this "haractcrlstlu mlght bb attrlbutod largely to plloting
techniques, R

7. ¥No relationship was discernible between the ratio of vertical
loacds on the left and right whrclg and +he tlme 1ntmlval betwecn
contacts,

. There appsarcd to be a higher prcbability for the left wheel
to equal or exceed a given vaue of vertical ldad than the right wheel,

9. No relationship appcared tc exist hebtween the order of
development of maximum vert_ca* load and the order of development of
maximum drag load.
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10. The largest stabilizer load measured was about 50 percent
of the design yield bending 'noment for the 25g stabilizer with which
the airplane was equipped. This value of stabilizer load was
measured in a normal landing in which the main wheels contacted
simultaneocusly and vibrated in phase in a fore-and-aft direction
subsequent to wheel spin-up. Fvidence was that this coupling effect
between the in-phase vibrations of the main landing gear units and
the vitrations of the shtabilizer in symmetrical bending could result
in the davelopment of large stabilizer bending moments.

11l. Brake preloading Sended to reduce tail loads.

12, Prerotation of the main wheels reduccd drag loads and
landing-gear vibration to a great extent although data were insuf-
ficient to predict its effect upon stabilizer loads.

13. A statistiesal analysis of bthe stabilizer-load data indi-
cated that in about one landing out of 100, values of stabilizer
bending load equal to the maximum measured during the tests could
bs expected.

14. Large values of stabilizer tip acceleration were not
necessarily associabed with large values of stabilizer bending
moment.

Langley Memorial Acronautical Laborabory
National Advisory Commitiee for Asronautics
Langley Field, Va., June 27, 1946
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TABIE I

ATRPTANE CEHARACTERISTICS

Gross weight at landing, 1b . . . . . . 43,900 to 50,100
Wing span, £ « .« « ¢« o ¢ ¢ ¢ ¢ ¢ ¢ « o + s o o « « 110
Wing area, 8¢ F5 .+ « ¢ ¢ ¢« & & o o o o « « » . » . 1048
Horizontel tall erea, totel, sq ft . . . . . . . 192.0
Stabllizer area, 8 £t . . « « o« « ¢« « +» « . . « 1k0.5
Welght of taill assembly, 1b . . . « « « . . . . . 869.6
Normel rated HOrSSPOWOY « « « « « « « « « « « o« o . 4400

Center-of-gravity position, as £iown,
percent M\A.C. & + +. & ¢ o ¢ = « o « » « 27.9 to 28.2

Eeight of center of gravity ebove ground,
static position of airplsme, £t . . . . . . . . 8.2

Approximate moment of inertia in pltch,
as flown, slug-ft2 . . . ¢ . « « « = « « « . 150,000

Moment of inertla of main wheel,
Blug-f12 &4 ¢ 4 ¢ ¢ « 4 o 4 o 4 4 e s o « = s s « 33.5

Wheel tread, £ « « « « « « ¢ 4 = o ¢ o . . . . 25.62
Wheel base, ££ . + & &« « & o« 4 « ¢« « & 2 « « « « 16.00
Wing Incldence, deg . « « + « = « o « « o a « o = 3.0

NATTONAT: ATVISORY
COMMITTEE FOR AERONAUTICS

12
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TABIE IT B
NATURAYL. VIBERATTION FEEQUENCIES OF AIRPLARE
EFran vidbration tests conducted by the Alr Meteriel Commend, Army Air Focccosj
Part Type of vibration Freguency Location of vibrator Remarks
(opm)

Wing Symetrical bending 215 Outboard end of ajlerm - Kodal line Jjust outboerd
(approx. of inboard engine;
00 gl gas lsrge fuselage
in each wing vortical motion

Sympetrical inner- 315 Outboard end of aileron [Nodal line runs disgo-

penel torsion nally from Jjust out-
combined with board of outboard
symmetrical engine at lesding edge
bending to wing root at -
trailing edge; outboard
engine pitching
considersably
Inner-panel torsion 520 Between cylinders T Smell respomss outhosrd
R and 9 on engine 2 engines; largexr
response inboard
- engines; amplltude too
small to check phese;
rear of fuselage
moving vertically
515 Floor of fuselags just
forward of tail
turret .
Higher-order bending 590 Outboard end of afler Phase symmetrical by
pickups
g90 outboard end of ajileron |Phase unsymetrical by
pickups
1360 Outboard end of ailercn |Phase symmstrical by
plckups
Fuselage Side bending 3k0 Inspection door on Very amall amplitude
bottom of fuselage,
2 feet forward of
tail Mght; lateral
impulaes
520 Thrustwise impulses at |Large amplitude mode;
bottom rudder hinge node at waist gun
cut-out :

Yertical bending gBo Floor. of fuselage just [Amplitude too emall to
forward of tail . detarmine node line
turret

Stabilizer - Symetrical bending Loo Yertical impulses at Stabilizer nodes h%—feob

combined with wing seoond rudder hinge

symstrical from bottan gmf.;?:’;: line
bending; pitching Wing tip and stabilizer
of ailrplane also tip in phase
exclited . -

Torsion 640 Thrustwise impulses Phase symmetrical by

at bottom rudder —
hinge

pickups; ncdal line
near rear epar

HATIORAIL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABIE IIT

CONDITTONS AT CONTACT

14

ing Type Groas welight | Attitude | Vertical ; Ground speed Wind Alrplane Wind Bralke
of of sirplane angle velocity (mph ) direction] courss velooity 'f:-eloading
(a) landing |at contact (de?) (rps) (2eg) (aph) 1b/eq in.)
(in) 4]
1 Normal 50,000 5.1 1.8 111, -2 270 5 -—
2 Normal 49,700 1.0 1.9 16 . ESE 270 5 -
3  |Bormal 49,300 .6 1.7 126 ESR 270 5 --
3 Normal 5,900 5.1 1.3 96 NRW 3%0 10 -
5 Hormal 49,600 [ § 1.7 113 .. f 350 10 -
[ Normal ,200 5.3 1.8 97 0 350 10 -
7 Normal 49,000 5.7 1.8 8 - o 350 10 -
8 Normal 59,900 1.2 2.5 106 B 70 T --
g Normal k9,700 6.1 T g3 B TO T --
10 Noxmal 59,300 -9 6.5 102 ® T0 T -
11 Braksd 18,500 3.7 k.1 o8 E 10 T ]
12 Normal 19,900 1.7 2.2 102 MRW 3%0 1 -
13 Normal ,TOO g k.0 107 o 350 12 -
h13 Bralked 59,300 . 3.6 87 W 350 13 5
15 Braked. 48,900 2.k 3.0 89 p.i.i4 350 1k 10
16 Normel 49,700 5.2 . 2.9 103 350 % -
17 Rormal 49,%00 %] — 96 350 b -
18 Braksd 49,200 3.2 2.2 105 b3 3%0 y 10
19 Normal 50,100 3.9 k.2 118 .1 250 19 --
20 Hormel shoo - 2.k 8k .4 350 20 -~
21 |Braked k9,200 - 2.8 90 X 350 21 15
22 Braked, 18,900 5.1 é.z 84 .1 350 22 22
23 Normal ig,mo 3.6 -3 100 o 350 12 -
2k Normal 4900 3.9 .9 ol oW 350 12 -
25 Braked %9,600 1.9 k.2 96 AR 3%0 12 20
26 Brakesd 59,200 2.7 - o4 HHW aso 12 23
27y |Normal 50,100 - 1.6 82 HHW 0 30 --
27 |Prerotation 50,100 -— 1.8 80 KRY 350 30 -
28, |Wormal %9,700 . 1.5 90 AW 350 30 --
28, |Prerotation 49,700 -— 1.0 82 ARV 350 30 -
297 |Normal k9,500 -- 1.k 87 HAW 350 30 -
29p [Prerotation| 59,500 -— -9 83 BHW 350 k4 --
307 {Normal k9,200 -—— 2.6 82 HNW 350 30 -
0p |Prerotation 49,200 — 2.3 8o HAW 350 30 --
31 Broked 49,000 — 1.0 81 W 350 30 24
327 |Formel ,800 - 2.5 100 ssW 175 8 -
32p |Prerotation 49,800 x8 3.0 o7 8SW 175 8 -—
33; |Normal k9,800 3.6 1.9 98 - 88W 175 8 -
33, |Prerotaticn k9,600 3.7 1.2 96 ssW 175 8 -
3% Breied 49,300 8 k.9 96 8SW 175 8 19
35 Braked 3200 5.5 1.8 i3 BSW 175 8 ok
26y |Normal ,800 —— 1.3 cam ——— —_— - -
36, |Prerotation| 49,800 _— - 2.2 -— — -— - -
37y [Mommal 49,500 -— -— — -— —— - -
37p |Prerotation 49,500 - ——— ——— — -— - -
368, |Normel 50,000 1.1 1.% 8 - 250 T -
36a; [Prerotation| 50,000 2.k 1.0 ok = 250 T -
3781 |Normal k9,800 8 16 %8 - 250 T --
3Ta, Prerotation 19,800 k.9 1.3 90 =1 250 T --
38; |Normal 49,500 .5 3.3 100 s 250 T -
38, |Prerotation 19,500 2.5 2.9 3 -4 250 T -
39; [Wormal 49,300 - 2.6 102 W 250 T --
39, |Prerotetion 49,300 3.8 2.1 100 =4 250 T -
40  |Nommal 50,100 3.0 1.k ar e 170 20 -
:51 Normal 49,500 L.y 1.3 8g SSW 170 20 -
3 Normal k9,600 -1 6.9 128 ssW 170 20 -
%3 Kormel +h00 .2 1.1 12 8w 170 20 -
Braked k9,100 1.0 5.8 91 SSW 70 20 23

& Subscripts 1 and 2 indjcate first and second contecta, respectivelry;

effix a on landings 36 and 37 indicates re-mm.

® Angle between lomgitudinel axis of a2irplene and the horizontal, positive
in nose-up direction.

NATIOHAL ADVISCR
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TABLE IV

NACA TN No.

LANDINGS OLASSIFIED ACCORTING TO TYEE AND SEVERITY GF IMPACT

1140

Inorement of meximemm Maxtmoa total Haxinam Meucineon Maxiomo
accsleration Yertical { Ground main-gear total main- |nose-wheel stabilizer
Langing (g} volocity |apesd |vertical load | gesr drag | vertical, | design yield
At JAt center] AT left (rps) wpoh ) (1b) loed load momsn b

o.g. | of tedl | tail tip {1b) (1») (percent}

(a) (v)
Normal B

10 1.55] 3.55 7.20 6.5 102 70,100 25,400 50.3
L2 1.% 3.10 6.20 6.9 126 58,500 21,500 36.9
19 A. 3.90 6.00 .2 118 61,800 20,700 37.3
39y 1.00] 1.%5 5.60 2.6 102 k3,600 ] ——-mam- 29.0
16 '6(8 1.60 2.30 e.g 103 50,200 32,000 23.5
20 . 1.45 =.Bo 2. 8¢ 36,000 15,100 214
13 B0l 1.0 3.10 k.o 107 31,700 7,600 37.%
8 B0 1.70 6.1p 2.5 106 34,200 12,%00 37.8
12 ==-1 1.0 140 2.2 102 29,400 14,200 ek.k
38r .E5] 2.20 2.70 3.3 200 27,100 1k,800 8.5
2 E5) 1.5 2.0 1.9 1s 33,300 13,%00 7.6
30y e ———— 2.6 82 40,000 | eem--a ——
6 --==] 1.00 2.90 1.8 g’B{ 34,100 10,100 2h.5
T —we=! 1.10 1.60 1.8 33,000 11,700 23.9
E -~==1 1.13 2.%0 1.7 113 33,300 13,400 30.6

----] 1.0 2.90 1.3 96 31,600 :Le,agg %0.1
323 [ 1.10 2.70 2.9 100 32,200 8, 17.0
43 60} 1.20 2.70 1.1 112 29,000 15,400 ——
33, 60 1.18 3.3 . 1.9 98 28,100 9.700 c——
23 S5 1.es 2.00 2.3 100 £5,100 9,700 pL-)
27y -} 17D 3.70 1.6 82 :600 s:ooo .
28; —mem] 1.08 1.70 1.5 ] 25,500 10,100 h.k
€9y .38 80 2.30 1.k a7 23,600 ] meeee- ——
360y 60 1.20 1.90 1.k 98 17,800 | ceemea m~—
ko .30 .90 1.30 1.h ar 26,000 10,200 2.5
ey 33l % 1.5 13 8g 16,000 51500 2
9 .30 55 —— T 9L 21,900 5,600 21.3
17 .30 30 1.00 ~——— 95 [ S, ——
37, .30 5 1.15 - - L e -——— -
24 .10 .60 1.25 K- ol 9,500 7,600 6.6
378y .20 50 80 1.6 98 211,200 | e-eemee —

Braled
kb 1.10}| 2.60 5.00 E.B 91 67,700 15,300 —_—
3% 1.20] 2.25 3.50 .9 96 »200 i.g,aoo 4.7
ik 8ol 1.38 4.80 3.6 87 4800 2500 25.5
21 5] 1.35 2.70 2.8 . 90 53,000 10,500 1.7
1 .90f .20 3.00 k.1 58 »100 12,500 27.8
25 &51 170 2.8¢0 L.2 96 42,100 15,100 23.0
15 50| 1.30. 2.90 3.0 89 35,100 ,000 —
18. . .35 50 2.10 2.2 10% 38,700 100 27 .k
35 .30 5 1.50 1.8 9l 35,000 10,600 11.1
31 .0 80 1.50 1.0 81 21,000 7,000 1.8
26 .35 TO 1.30 E] ok 23,700 10,200 17.0
22 1% .20 1.60 1.2 ay 21,900 5,300 6.9
Prerotation
3, lo.bol 095 2.55 2.3 8o 40,700 2,ko0 ——— -——
2T, .8o] 1.35 3.10 1.8 8o 39,400 3,000 ————— ————
32, 65} 125 3.10 3.0 97 29,800 4,000 | ----em 17.8
38, 8ol 1.20 .50 2.9 oh 24,700 1,600 ——— T
39, 55 .50 1.20 2.1 100 28,600 800 —— 6.5
36, Lo| a5 1.85. .2 —— 29,200 1,700 | =meeem ———
33, ko .60 1.50 1.2 96 22,000 1,600 ————— ~——
36, | .W0| .80 .80 1.0 ol 17,600 4,300 S —
28, .30) .35 1.00 . 1.0 82 19,200 1,000 —— 8.1
3Tay | 351 A5 Ao 1.3 90 17,800 1,300 | =e---- —_—
37, .33 10 1.50 3.1 --- 20,00 | |, ---=- - ——--
29, .25 35 1.T0 9 83 15,200 2,100 ————— ——
& gybroripts L end £ indicats Zirst and second contacts, respeotively;
» affix & on landings 6 and 37 indicates re-rum.
Koge-wheel loads listed cnly when nose whesl contacted during priwary HATTONAL ADVISORY
part of impect. . COMMITTRE FOR AEROWAUTICS



NACA TN No.

1140

TABIE V

TIME INTERVALS BEETWEEN CONTACT OF IEFT AND

RIGET MATN LANDING WHEELS

16.

Landing| First wheel [Time between || Landing | First wheel | Time between
to contact ccntacts to contact contacts
(a) (sec) (=) (sec)
1 Right 0.09 28, Right 0.0k
2 Left .12 28, Left .15
3 Left .16 29, Right .21
L Left .02 29, Left .12
5 Left A2 - 309 ——— ———
6 Rigat .15 30, Left L1
T Left .10 31 Right .1k
8 Left and right 0 32, Left .12
9 -~ ———— 325 Left 07
bio Left and right 0 33, Teft .20
.33 Teft .15
1z Left .ol 34 Right .12
12 Right .08 35 Left .10
13 Left A7 36a, Left .3k
1k Left .07 36ay Left 17
15 Left .24 3Teq Left .33
16 Left .10 374, Teft .19
X7 Left .33 389 Right .02
18 Left .09 38p Lett .26
19 Right .03 391 —— ———
20 Left Ol 392 Left .29
23 Right .1k 40 Right AT
22 . Left 22 43 ———— ———
213; Right Ak Sho Left .10
2 ———— ————
25 Right .07 43 Right .01
26 Ieft k6 kh Right .10
274 ——— -——-
27 ILeft 05

& Subscripts 1 and 2 indicate first and mecond contacts, respectively;
affix a on landings 36 end 37 indicates re-run.

P Nose wheel contacted 0.09 second before left and right wheels.
© Nose wheel contacted 0.l3 second before left wheel.

KNATIONAT, ADVISORY

COMMITIEE FOR. AERONAUTICS



TAKTE VI
MAYTHOM VALUES (F WHEEL [RAG LOATS FBOM STRATN-
GAGE REATINCS AND WHERL-ARGULAR~ACCETERATION DATA

Meor{mm wi(wel drag loed Haximm 'h(_;;}. drag loald
1
_Toft vhesl Bleht wheal Iaft whoel Bight vheal . ]
Iedirg B - F& - Strain- Wheal- Laniing Stradn- Wheel - Strain- ¥heel-
Eage acceleration gage accolaration gage agooloration gago acoceleration
{a) realing data reading dnta fa} reading dats reading data
S M0 | - 6,500 29y et by, 290 11,000
2 6,500 8,500 7,70 6, 29 2,100 5,900 600 900
Pl ew | Um | CT T R I B I
5 9,820 9,008 | -ee- 3, X, 00 e 2, -~
6 6,705 8000 ]} e 11,300 3 4,770 3,110 5,10 5,000
T 6, 20 | e 5,870 32y bg,230 -—-— 6,910 7,610
8 7:130 7,100 7,020 7,100 32, 1,700 1,850 4,800 3,950
9 c—— 3,300 5,800 5,500 33 5,700 ——— 8,h00 9,500
10 12,700 12,500 12,500 12,700 1 2 b s
1 o 9,800 9,850 10,700 33 acd Bl 1,400 1,320
12 7,720 6,850 8,300 6,500 k) 5,770 e 13,680 15,200
13 7,310 8,900 6,810 13,350 £ ] 6,905 6,160 6,98 7,020
1% 11,200 10,500 e ’ 36 St Et R I ===
15 7:150 slmo BEW 6:5’) 362 oo mEe— ll&” """
16 120 9;% 5,410 E,ﬁ R T E— S .
S Y | - ’ 3T e - L, | e
18 5,750 k,700 ey 8,600 2 D owgis | 8m00 | oeen
19 21,750 11,600 10,300 12,100 ¥y '“i,ll‘i E,ﬁoo - 5,£
2 6,20 6,920 8,0 10,350 3o, 1300 4200 2 2
2 2,970 ----- 10,600 10,000 378y, k%00 3,500 5,810 k,700
22 L, 600 1,600 bk, 300 4,510 3Tap 100 100 1,300 1,250
23 1,110 1,080 35,850 8,200 38 6,490 6,800 8,850 9,100
ok 5,670 7,200 7,520 4,5% 8, 1,100 1,080 1, 1,350
25 709 8,200 10,870 91200 EC O [ — P (-
-3 5,330, 2,700, 83,170 5300 200 _ 800’ 530
21y 6,0 | - b0 | - 3 P
275 2,400 1,300 1,000 m——— :‘i 6’9—'19 g’&n 1’;"220 g'ggg
By b5, 800 6,600 bg,765 6,500 k2 9:% ml& 1, 14,200
28, 500 | e 0 | e k3 1,300 8 8,800
i 10,000 13,100 14,150 15,000
1]
2 Subsoripts 1 amd 2 indicate first end mecond contacts, respeotively;
affix a m landings 36 mi 37 indicates re-rm. AATTGHAL AIWISORY
b Dnogrreoted far sffeot of vertical losd. COMITIEE FOR ARRCHATITTCS
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NACA TN No. 1140 . Fig. 3
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Fig. 4 NACA TN No. 1140

1.OO

1 1 L {
O Lef?t wheel/ rormal
O P S a Righ? whee! normal

Probabilit 'y
Lt
p
o]
£
a
3

\
Lef! braked—nr \

T _\
feft normal
\

) AW AN

AN
o e 4 6 3 /0 2 M XI0
Maximum /anding-gear drag load , /6

Figure 4.— Frobabiity of equaling or exceeding maximum vales

of drog Jload on main landmng gear. Normal and

. NATIONAL ADVISORY
-
broked Jondings . COMMITTEE FOR AERONAUTICS



NACA TN No. 1140 ) Fig. ©

LOO o

ANCA
o

9/0}"'

\ °
O

//f

Probability
/
(9]

.01 -

N
\__

\\
=

NATIONAL ADVISORY
COMMITTEE FOR AERCAAUTICS \

o i 2 -3 -~ .5 -6
Time between confacts of main landing gear, sec

figure 5 .—Frobability of eguoling or exceeding
tfime befween contacts of mamn Jending gear.



Fig. 6 NACA TN No. 1140
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NACA TN No. 1140 _ Fig. 7
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Fig. 8 NACA TN No. 1140
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Fig. 10 NACA TN No. 1140
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Fig. 50 NACA TN No. 1140
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